Abstract The cDNA, genomic DNA, and promoter sequence of FaChit1, a class I chitinase gene from Festuca arundinacea, were isolated and characterized in the present work. The deduced amino acid sequence of FaChit1 contains the chitin binding, catalytic, and proline and glycine-rich domains characteristic for most class I chitinases, but no C-terminal extension region. FaChit1 is induced effectively by fungal elicitors, dehydration, and ethylene, but only slightly by mechanical wounding. To identify potential stress-related cis-acting elements, 5′ sequences 935, 651, and 233 bp upstream of the FaChit1 start codon were fused to the GUS reporter gene and analyzed in transgenic tobacco. The results indicated that the 935 bp fragment closely mirrored endogenous gene expression and that the 651 bp fragment was sufficient to direct reporter the gene expression in response to fungal elicitors, ethylene, dehydration, or mechanical wounding due to both known and presently uncharacterized cis-acting elements.
Introduction
Chitinases play an important role in the plant defense system by degrading chitin, the main component of the cell wall of most fungi. The oligomeric degradation products act as fungal elicitors to stimulate further defense responses (Salzman et al. 2005) . Plant chitinases are grouped into seven classes based on their structure (Gomez et al. 2002) , among which classes I, II, and IV are similar, especially in the catalytic domain (Beintema 1994) . A cysteine-rich domain, separated from a highly conserved catalytic domain (CD) by a hinge region (HR) containing variable number of proline and glycine residues, is essential for substrate binding (Iseli et al. 1993; Huet et al. 2008) . A short carboxyl-terminal extension (CTE) specific to most class I chitinases is sufficient for vacuolar targeting.
The structures of classes I and II chitinase genes are diverse, and the copy number of them is variable in different species. Chitinase genes within each class reside at different chromosomal locations or cluster together at different locations of the same chromosome (Li et al. 1999 ). The diversification of these genes may provide more opportunities for the structural and functional evolution of chitinase genes in response to various pathogen infection, developmental regulations, and for recruitment of new functions (Li et al. 2001 ).
The presence of multiple chitinase homologues in many plant species is consistent with the observation that evolution of disease resistance genes is generally faster than that of other plants genes (Richter and Ronald 2000) .
In addition to a quick response to pathogen attack, chitinase genes are induced by a variety of abiotic stresses such as ozone, salt, drought, mechanical wounding, heavy metals, and general osmotic stress (Wu et al. 1999; Tateishi et al. 2001; Chujo et al. 2008) . Pathogen attack generally leads to an increased amount of endogenous salicylic acid, jasmonic acid, or ethylene, which act as signaling molecules to activate both local and systemic defense responses (Thatcher et al. 2005) . Consequently, chitinases are also upregulated by exogenous application of ethylene, salicylic acid, or jasmonic acid (Nakano et al. 2006; Fan et al. 2007) .
To investigate the transcriptional regulation of chitinase genes during defense responses, promoters from various plant species were isolated and characterized (Hong and Hwang 2006) . For example, the promoter of class I chitinase genes such as CHN48 from tobacco and ChtC2 from potato contain ethylene responsive GCC boxes (Shinshi et al. 1995; Ancillo et al. 2003) . In addition, a W box element in the promoter of CHN48 containing the core sequence TGAC is responsible for the binding of WRKY homologues, suggesting that WRKY factors regulate the transcription of tobacco chitinase genes (Yamamoto et al. 2004) .
In the present work, FaChit1, a class I chitinase gene from the tall fescue turf grass Festuca arundinacea, was isolated and characterized. Responses of FaChit1 to fungal elicitors, dehydration, mechanical wounding, and ethylene were analyzed, and several potential regulatory elements within the FaChit1 promoter were identified via deletion analysis. Our results indicated that the expression of FaChit1 is induced by multiple stresses, predominantly by fungal elicitors, which might contribute to the disease resistance of this important grass species.
Materials and Methods

Growth Conditions, Stress Treatment, and Nucleic Acids Extraction
Tall fescue grass cultivar "Ruby" was grown in a greenhouse at 25°C day and 20°C night temperatures. Fungal elicitor was prepared from chitosan (Sangon, ShangHai, China) as previously described (Mei et al. 2000) . Plantlets were sprayed with 100 μg/ml elicitor and incubated in a greenhouse at 25°C for 24 h. For dehydration treatment, plantlet roots were immersed in 300 mmol/l mannitol solution for 24 h. For ethylene treatment, plantlets were sprayed with a 1 mg/ml ethephon aqueous solution and sealed in plastic bags for 24 h. For wounding treatment, mature leaves and roots were cut into strips (approximately 5 cm in length) and kept moist on wet filter paper for 24 h at room temperature. Treated leaves and roots were harvested after 24 h. Genomic DNA was extracted from leaves using the CTAB method as previously described by (Stewart and Via 1993) . Total RNA was extracted as previously described (Bubier and Schläppi 2004) and dissolved in RNA-free water. RNA samples were immediately treated with DNase I for 10 min to eliminate DNA and frozen at −80°C.
Isolation of FaChit1 cDNA and Genomic DNA A pair of degenerate primers (set 1, supplementary Table S1 ) was designed based on two amino acid motifs, CPNCLC and DCYSQR, which are highly conserved in class I chitinases of gramineous species. cDNA was synthesized from 1 μg total RNA by reverse transcription using the RevertAid™ first-strand cDNA synthesis kit (Fermentas, Lithuania, USA). cDNA was amplified using 1 μl of firststrand cDNA, 400 pM of each dNTP, 0.4 pM degenerate primers, and 2.5 units of Taq DNA polymerase (Takara, DaLian, China). PCR products were ligated into the pMD18-T vector (Takara, DaLian, China) and sequenced. Two sets of nested primers (sets 2 and 3, supplementary Table S1 ) were designed based on the isolated cDNA fragment, and 3′-and 5′-end cDNA sequences were obtained using a 3′/5′ RACE kit according to the manufacturer's instruction (Takara, DaLian, China). The complete coding region of FaChit1 was amplified from full-length cDNA and genomic DNA (primer set 4, supplementary Table S1 ). DNA sequences were analyzed using DNAStar (Version 5.0). Homology searches were performed using the BLAST algorithm (http://www.ncbi. nlm.nih.gov/BLAST).
Isolation of the Fachit1 Promoter by Genome Walking
Genomic DNA was cut with 50 U of four blunt-end restriction enzymes (DraI, EcoRV, ScaI, and PvuII) and used to construct adapter-ligated genomic libraries. The adapter was prepared by boiling a mixture containing 25 μmol/l long adapter oligonucleotide 5′-GTAATAC GACTCACTATAGGGCACGCGTGGTCGACGGCCC GGGCTGGT-3′ and 25 μmol/l short adapter oligonucleotide 5′-PO 4 -ACCAGCCC-NH 2 -3′ in a water-bath for 2 min and gradually cooling to room temperature. Ligation was carried out with 10 μl digested DNA (50 ng/μl), 1.0 μl T4 DNA ligase, and 2.0 μl of 25 μM adapter overnight at 16°C in a final volume of 20 μl. Phosphorylation of the 5′-end allowed the adapter to be ligated to the digested genomic DNA by T4 DNA ligase, and the amine group of the 3′-end prevented extension from the 3′ end by Taq polymerase in subsequent PCR reactions. For genome walking, 5′ end cDNA specific primers PGSP1 and PGSP2 (set 5, supplementary Table S1 ) and genome walker kit specific primers AP1 and AP2 (set 6, supplementary Table S1) were used, and PCR reactions were performed according to the BD Genome Walker™ Universal Kit's instruction (Clontech, Palo Alto, CA, USA). The obtained promoter sequences were analyzed using the PLACE database (http://www.dna. affrc.go.jp/htdocs/PLACE/).
DNA and RNA gel Blot Analyses
Tall fescue genomic DNA (20 μg) was digested to completion with BamHI, KpnI, HindIII, XbaI, EcoRV, or DraI. Digested genomic DNA was fractionated on a 0.7% (w/v) agarose gel, blotted onto a nylon membrane (Hybond N + ) in 10× sodium chloride/sodium citrate and crosslinked using 120 mJ UV light (Sambrook and Russell 2001) . A 560 bp Fachit1 5′ upstream fragment and a 500 bp coding (a) The stop code is marked with the number sign. The translation start codon and polyadenylation signal are marked in bold and in italics, respectively. b Nucleotide sequence of the 5′ upstream region of FaChit1 and location of putative cis-acting promoter elements. MYCATRD22 and ABRE like are found in ABAresponsive genes (Busk and Pages 1998; Nakashima et al. 2006 ) and MYCATERD1 in dehydration stress-responsive genes (Tran et al. 2004 ), MYBCORE and MYCCON SENSUSAT are binding sites for MYB factors (Urao et al. 1993; Chinnusamy et al. 2004 ), WBOXATNPR1 is a binding site for a pathogen-induced transcription factor , WBOXNTCHN48 is a cis-acting element of the class I chitinase gene CHN48, WRKY710S is a binding site for WRKY transcription factors (Eulgem et al. 1999) , and PALBOXAPC is a GT-1 motif involved in pathogen-and saltinduced gene expression (Park et al. 2004 ); −233, −651, and −935 indicate the end points of promoter deletion fragments fused to the GUS reporter gene region fragment were amplified from pMD18-T plasmids and labeled with DIG-11-UTP. Southern blotting was performed using the DIG-High prime DNA Labeling and Detection Starter Kit I (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's instructions.
Total RNA was extracted from young leaves and roots of stress-treated tall fescue plants or leaves of transgenic tobacco plants. Thirty microgram of total RNA was separated on a 1.5% agarose gel containing 2.2 mol/l of formaldehyde and transferred onto nylon membranes according to standard protocols (Sambrook and Russell 2001) . Hybridization and signal detection procedures using a 500 bp coding region probe were as described above for DNA gel blot analyses. To detect GUS transcripts in transgenic tobacco, a 400 bp coding sequence of GUS was amplified from pBI121, labeled with DIG-11-UTP, and used as hybridization probe as described
FaChit1 Promoter-GUS Analysis in Transgenic Tobacco Plants
To fuse a PCR-amplified promoter fragment consisting of 935 bp sequences upstream of the FaChit1 start codon to the β-glucuronidase (GUS) reporter gene, HindIII and BamHI sites were included in the forward and reverse primers (set 7, supplementary Table S1), respectively. The amplified fragment was used to replace the CaMV35S promoter upstream of GUS in the plant transformation vector pBI121 (Clontech). The resulting construct was designated as pFaChit1P-I (supplementary Fig. S1 ). Two deletion constructs (651 and 233 bp fragments) designated as pFaChit1P-II and pFaChit1P-III (supplementary Fig. S1 ) were created from pFaChit1P-I using nested primers (set 9, supplementary Table S1 ). Plasmids constructs were validated using FaChit1 promoter and GUS specific primers Fig. 1 (continued) (set 8, supplementary Table S1 ) and sequenced from both ends. Each promoter-GUS fusion construct was introduced into Agrobacterium tumefaciens strain LBA4404 via the freeze-thaw method previously described (Bevan 1984) . Young leaves of tobacco plants (Nicotiana tobacum) were transformed, and transgenic plants were regenerated using the standard leaf disc method (Rogers et al. 1988) . Explants from individual transformants were propagated in vitro and used for stress treatments and RNA isolation. GUS activity driven by FaChit1 promoter in transgenic tobacco was measured as previously described (Jefferson et al. 1987) . Briefly, young leaf tissues were homogenized in liquid nitrogen and 1 ml extraction buffer (pH 7.0) containing 50 mM NaH 2 PO 4 , 10 mM EDTA, 0.1% Triton X-100, 0.1% (w/v) sodium laurylsarcosine, and 10 mM β-mercaptoethanol was added, mixed in a microtube, and centrifuged at 4°C for 10 min at 12,000×g. Supernatant (0.1 ml) was added to 0.9 ml of fluorogenic reaction buffer containing 1 mM 4-methylumbelliferyl l-β-D-glucuronide (MUG; Sangong, Shanghai, China). Protein concentration in the supernatant was measured with bovine serum albumin as a standard using the method described by Bradford (1976) .
Results
Structure of the FaChit1 Gene
An 849 bp fragment was amplified from F. arundinacea (tall fescue) cDNA using degenerate primers with homology to plant chitinases. BLAST analysis showed that this fragment shared high sequence similarity with class I chitinases from gramineous plants. Therefore, a full-length cDNA of F. arundinacea Chitinase 1 (FaChit1) was obtained using 5′ RACE and 3′ RACE. The cDNA had a probable transcription initiation site (G) located 58 bp upstream of the ATG start codon and a polyA tail at the 3′ end (Fig. 1a) . The full-length open reading frame contained 951 base pairs and encoded a deduced class I chitinase containing 317 amino acids with a calculated molecular mass of 33.24 kDa and a pI of 7.91, which was consistent with the properties of most previously published plant class I chitinases. The sequence has been deposited into the GenBank database (accession number EU837265).
To investigate the structure of FaChit1, genomic DNA corresponding to its coding region was cloned and no intron was found. To investigate its putative promoter, a 5′-flanking region containing 935 bp sequences upstream of the FaChit1 start codon was isolated from tall fescue genomic DNA using step-down PCR. Sequence analysis of this FaChit1 promoter fragment using the PLACE program identified several conserved motifs responsible for the transcriptional regulation in most eukaryotic genes (Fig. 1b) . Typical TATA (TATATAA) and CAAT (CCAATT) boxes were found 120 and 259 bp upstream of the start codon, respectively. Several potential cis-acting elements associated with plant hormone and stress-related responses were located within the FaChit1 promoter, including nine MYB transcription factor binding sites (one MYB2CONSENSUSAT, two MYB cores, three MYBCOREA TCYCB1, and MYBST1), eight MYC transcription factor binding sites (two MYCATERD1, two MYCATRD22, and four MYCCONSENSUSAT), nine W boxes (one WBOXNTCHN48, two WBOXATNPR1, two WBOXHVISO1, and four WBOXNTERF3), seven WRKY71OS, and four ABRE elements, indicating that FaChit1 expression might be regulated by various cis-acting elements and their corresponding trans-acting factors.
To determine the copy number of FaChit1, tall fescue Genomic DNA was digested with BamHI, KpnI, HindIII, XbaI, EcoRV, or DraI. These enzymes have no internal restriction sites in the FaChit1 promoter and coding regions. DNA gel blot analyses were carried out with a 560 bp probe corresponding to 5′ upstream sequence and a 500 bp probe corresponding to the catalytic domain of the FaChit1 coding region. As shown in Fig. 2 , two main bands were detected with the 5′ upstream sequence probe, suggesting that tall fescue possessed two copies of FaChit1. By contrast, the 500 bp sequence corresponding to the catalytic domain of the FaChit1 coding region hybridized to approximately eight to nine HindIII fragments. These kb 12 6 3 1 Fig. 2 DNA gel blot analysis to estimate the FaChit1 copy number in the tall fescue genome. Lane 1, genomic was digested with HindIII and hybridized with a DIG-labeled 500 bp PCR fragment corresponding to the FaChit1 coding region; lanes 2-7, genomic DNA was digested with BamHI, KpnI, HindIII, XbaI, EcoRV, or DraI, respectively, and hybridized with a DIG-labeled 560 bp PCR fragment corresponding to the 5′ upstream region of FaChit1. DNA sizes are indicated on the right results suggested that the tall fescue genome contains a small chitinase gene family.
Analysis of the Deduced FaChit1 Protein Sequence
BLAST searches indicated that FaChit1 is closely related to a class I chitinase gene from Poa pratensis (AAF04454), sharing with it 87% sequence identity and 92% similarity. As shown in Fig. 3a, FaChit1 has three conserved amino acid motifs, a chitin binding domain (CBD), a proline and glycine-rich HR, and a CD. Consistent with other plant class I chitinases, no deletion was observed in the CD of FaChit1. As shown in Fig. 3b, six S 193 , and N 272 are found in the CD; and five glycines and three prolines are found in the HR.
Expression Analysis of FaChit1
To determine the expression profile of FaChit1 mRNA under different stress conditions, RNA gel analyses using a FaChit1 coding region probe were done. As shown in Fig. 4 , FaChit1 mRNA was barely detectable in leaves and roots of untreated plants. By contrast, high amounts of FaChit1 mRNA were detected in leaves and roots treated with fungal elicitors. FaChit1 expression was also induced in both tissues by ethylene and mannitol, and to a lesser degree, by mechanical wounding in roots, but not in leaves. b Graphic representation of the FaChit1 CBD and CD identified through CDS search in GenBank. CBD, HR, and CD are marked in blue, pink, and red, respectively. Conserved amino acid residues assumed to contribute to chitin binding and catalytic functions are marked with an asterisk. Conserved proline-and glycine-rich regions in the HR are underlined
-------------------------------------------------CD-------------------------------------------------------------------------------------CD-------------------------------------------------------------CBD---------------------HR----------CD-----------CD---------------CTE
To further investigate the regulation of FaChit1, activation of different promoter fragments (see Fig. 1b ) by fungal elicitors, dehydration, mechanical wounding, and ethylene were analyzed in transgenic tobacco using transcriptional fusions of FaChit1 5′ upstream sequences to the GUS reporter gene. The sequence integrity of independent transgenic lines containing different promoter fragments was verified using PCR and DNA gel blot analyses (data not shown). As shown in Fig. 5a , compared to mock-treated controls, the 935 and 651 bp DNA sequences upstream of the FaChit1 start codon conferred 6.5-and 5.1-fold inductions, respectively, of GUS activity in response to a 24-h treatment with fungal elicitors, which was in agreement with the RNA gel blot analyses results (Fig. 4) . However, no induction of GUS activity could be detected in transgenic tobacco leaves containing the 233 bp upstream sequence. To determine the effect of dehydration stress, transgenic tobacco leaves were treated with mannitol for 24 h. As shown in Fig. 5b , compared to mock-treated controls, GUS activities were 5.4-, 4.75-, and 2.25-fold induced in leaves of tobacco harboring the 935, 651, and 233 bp upstream sequences, respectively. As shown in Fig. 5c , compared to mock treatment, spraying of plants with ethylene increased GUS activity 5.0-and 2.5-fold in leaves of transgenic tobacco harboring the 935 and 651 bp sequences, respectively, but no induction of GUS activity could be detected in transgenic tobacco leaves containing the 233 bp upstream sequence. As shown in Fig. 5d , compared to mock treatment, GUS activity could also be induced moderately 2.4-and 2.1-fold, respectively, in response to mechanical wounding in leaves containing the 935 and 651 bp sequences, but not in plants with the 233 bp upstream sequence.
To determine whether the observed GUS activity was in agreement with the relative abundance of GUS reporter gene transcripts, RNA gel blot analyses using stress-treated material from transgenic tobacco leaves harboring the 935 bp sequence upstream of the FaChit1 start codon were done. As shown in Fig. 6 , the relative amount of GUS mRNA correlated well with the relative abundance of endogenous transcripts (Fig. 4) and was in agreement with the observed GUS enzyme activities of the 935 bp construct (Fig. 5) .
Discussion
Attack of plants by pathogens activates a complex network of signal transduction pathways, which results in the expression of a large number of defense genes such as chitinases (Somssich and Hahlbrock 1998; Glazebrook 2001) . To gain a better understanding of the defense mechanism of the tall fescue turf grass F. arundinacea in response to pathogens as well as different environmental stresses, the chitinase gene FaChit1 was isolated from the cultivar Ruby and characterized in this work.
Our genomic DNA gel blot analyses indicated that FaChit1 belongs to a multigene family, which has been previously observed for chitinase genes in other plant species. The presence of multiple chitinase homologues in many plant species, for instance in Balsam pear or rice, suggests that a diversification of these genes might counteract the rapid evolution of pathogens (Takakura et al. 2000; Xiao et al. 2007) .
Consistent with other class I chitinases, FaChit1 has conserved glutamate (G) and cysteine (C) residues in its predicted active site (G 43 , G 46 , and C 24 , C 26 , C 29 , C 31 , C 32 , C 45 , C 52 , C 54 , C 57 , respectively). The nine C residues are thought to form disulfide bridges (Beintema 1994) . In addition, FaChit1 has other conserved amino acids (E 140 , E 162 , Q 191 , S 193 , and N 272 ) believed to be important for the catalytic activity of class I chitinases (Fukamizo 2000; Hahn and Henning 2000) .
A number of cis-acting elements such as WRKY binding sites (W boxes) with a TGAC core sequence were shown to be associated with genes involved in the plant defense response against pathogens Dong et al. 2003; Xu et al. 2006) . For example, a W box elicitor response element in the promoter of the tobacco class I chitinase gene CHN50 is specifically bound by pathogen-induced TDBA12 and purified WRKY proteins (Yang et al. 1999) . In the present work, a 233 bp DNA sequence upstream of the FaChit1 start codon did not activate GUS expression, whereas the 935 and 651 bp Fig. 4 RNA gel blot analysis of Fachit1 mRNA abundance in tall fescue roots (a) and leaves (b) in response to pathogen (100 μg/ml fungal elicitor), dehydration (300 mM mannitol), ethylene (1 mg/ml), and wound (mechanical wounding) stress treatments. Each lane was loaded with 20 μg of total RNA. Ribosomal RNA band were visualized in the agarose gel by ethidium bromide staining to show equal loading. Approximate size of the FaChit1 mRNA is indicated upstream sequences did. This suggests that the 418 bp sequence between the 651 and 233 bp fragments is essential for elicitor response. Moreover, the 284 bp sequence between the 651 and 935 bp fragments, which contains two W boxes, seemed to enhance GUS activity. This is in agreement with previous reports that multiple W box sites had a synergistic effect on elicitor-mediated transcription activation, whereas a single W box had only a minor effect (Eulgem et al. 1999) . Generally, WRKY binding sites occur with relatively high frequency in promoters of pathogeninduced genes . It is possible that W boxes serve as common cis-elements for plants in response to various pathogen infections and that specificity for each pathogen may be achieved by the combinatorial interactions between W boxes and other cis-acting elements through corresponding transcription factors (Sawant et al. 2005) .
Although no typical dehydration response element binding site exists in the FaChit1 promoter, both the endogenous gene in tall fescue and promoter-GUS fusions in transgenic tobacco were strongly activated in response to dehydration stress. Stress-responsive genes often contain ABRE and MYC or MYB recognition sequences in their promoters (Chinnusamy et al. 2004 ). The FaChit1 promoter also has such elements, including more than ten MYB and MYC recognized sites, and four ABREs. We suggest that GUS rRNA
1.8Kb
Water Elicitor Mannitol Ethylene Wounding Fig. 6 RNA gel blot analysis of GUS mRNA abundance in leaves of transgenic tobacco plants containing the −935 FaChit1 5′ upstream region fused to the GUS reporter gene after 24 h of different stress treatments: a 100 μg/ml fungal elicitor, b 300 mM mannitol, c 1 mg/ml ethylene, and d mechanical wounding. ddH 2 O was used as mock treatment. Each lane was loaded with 20 μg of total RNA extracted from two independent transformants. Ribosomal RNA band was visualized in the agarose gel by ethidium bromide staining to show equal loading. Approximate size of the GUS mRNA is indicated Analysis of GUS activity in transgenic tobacco leaves containing FaChit1 5′ upstream regions fused to the GUS reporter gene after 24 h of different stress treatments: a 100 μg/ml fungal elicitor, b 300 mM mannitol, c 1 mg/ml ethylene, and d mechanical wounding. ddH 2 O was used as mock treatment. Specific GUS activity was measured fluorometrically and expressed as picomoles 4-methylumbelliferone (MU) per milligram protein per minute. The x value indicates fold increases of GUS activity after stress treatments relative to mock controls. N, negative control (untransformed wildtype tobacco); P, positive control (transgenic tobacco expressing GUS from the constitutive CaMV 35S promoter); −233, −651, −935, different 5′ regions upstream from the FaChit1 start codon fused to GUS (see Fig. 1b ). Data are means ± standard deviations of at least three assays using one (−233) or two (−651, −935) independent transformants these elements are involved in the drought response of the FaChit1 promoter. Ethylene acts as a signal molecule in response to many environmental cues. Although a typical ethylene responsive GCC box was not observed in the FaChit1 promoter, ethylene nonetheless activated each promoter construct in transgenic tobacco to different degrees. This is in agreement with the observation that some ethylene-induced genes do not contain GCC box in their promoters, such as for genes related to ripening and senescence (Chakravarthy et al. 2003; Pirrello et al. 2006) . Moreover, some ethyleneinduced transcription factors can activate promoters lacking GCC boxes, for instance, AtERF14 in Arabidopsis and Pti4 in tomato (Chakravarthy et al. 2003; Onate-Sanchez et al. 2007 ). This suggests that the FaChit1 promoter contains uncharacterized ethylene response elements.
In conclusion, the tall fescue turf grass class I chitinase gene FaChit1 is activated by fungal elicitors, dehydration, ethylene, and mechanical wounding. Potential stress-related regulatory elements such as W boxes, ABREs, and WRKY, MYB, and MYC binding elements were identified in FaChit1 5′ upstream sequences. These potential cis-acting elements may activate FaChit1 in response to environmental stresses and contribute to the process of defense reaction of tall fescue. Additional investigation of those regulatory elements and FaChit1 gene function will further our knowledge of plant defense mechanism in tall fescue and may contribute to improving disease resistance of this important turf grass and potentially other plant species.
